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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a surface-hardened titanium-base material produced by enhancing the sur- 
face hardness of a titanium material, which is suited particularly for use in decorative articles (accessories) and watch- 
cases, to be worn by users , and a method of surface hardening the titanium material to obtain the same. 

BACKGROUND TECHNOLOGY 

10 

[0002] Conventional materials composed mainly of titanium have been prone to be easily scratched on the surface 
thereof owing to low hardness, and have insufficient wear resistance. As a result, in the case of using a pure titanium 
material, for example, for a watchcase, it has been difficult to enable the watchcase to maintain a high quality external 
appearance for a long duration. Accordingly, various methods of surface hardening a titanium material have been under 
is intense study. 

[0003] Conventional methods of surface hardening a titanium material include a method of applying an oxidation or 
nitriding to the surface thereof. However, these methods have drawbacks in that the oxide layer or nitride layer formed 
thereby was prone to be easily exfoliated as the same was very brittle and had low impact resistance. Although there 
is another method of applying high hardness chromium plating to the surface of a titanium material, this method entailed 

20 a problem of effluent disposal. 

[0004] In Japanese Patent Application Laid-open No. 2 - 250951 , a method of surface hardening a titanium material 
has been proposed wherein nickel (Ni), iron (Fe), cobalt (Co), or the like is placed on the surface of the titanium material, 
and heated to a temperature higher than a eutectic point of the respective metal with titanium (Ti). 
[0005] However, as a liquid phase emerges in this method, difficulties will be encountered in removing reaction 

25 products remaining on the surface of a surface-hardened titanium-base material during posttreatment processing. 
Furthermore, in the case where the titanium material thus obtained is used for decorative articles (accessories) or for 
a watchcase to be worn by a user, there has arisen a risk of residual nickel, iron, cobalt, or the like present on the metal 
surface causing metallic allergy to the skin of the user because the skin will come in direct contact with the surface- 
hardened titanium-base material. 

30 [0006] Otherwise, in Japanese Patent Application Laid-open No. 56 - 146875, a method of enhancing the surface 
hardness and erosion resistance of a titanium material has been proposed wherein the titanium material is immersed 
in aluminum oxide (Al 2 0 3 ) powders, heated, and held in an atmosphere such that a hardened oxidized layer and a 
dense layer of nitrogen in a solid solution state underneath the hardened oxidized layer are formed in the surface of 
the titanium material. 

35 [0007] However, with this method intended to form a hardened oxidized layer on the surface of a titanium material, 
it is difficult to control the thickness of the hardened titanium oxide layer formed on the surface and the amount of 
oxygen in solid solution because intense oxidation caused by oxygen in the atmosphere occurs in spite of the presence 
of the aluminum oxide powders around the titanium material since heating is applied in the atmosphere. Therefore, 
there has been a risk of exfoliation occurring due to an increase in the thickness of the hardened titanium oxide layer, 

40 and brittle degradation of the titanium material due to an increase in the amount of oxygen in solid solution can occur. 
[0008] In addition, with the method, uneven contact between the aluminum oxide powders and the titanium material 
resulted due to the use of aluminum oxide powders not less than 50nm in grain size, causing another problem that the 
hardened layer was formed in spots on the surface, and became a porous hardened layer which was prone to be easily 
exfoliated. 

45 [0009] Then, in Japanese Patent Application Laid-open No. 63-1 95258, a method of enhancing the surface hardness 
of a titanium material has been proposed wherein the titanium material is introduced into a vessel filled up with calcium 
carbonate (CaC0 3 ) powders, the vessel is closed after a partial pressure of oxygen is reduced to not higher than 10 2 
atm, and is heated to a temperature in the range of 900 to 1200°C, causing a carburized layer and an oxygen diffused 
layer to be formed on the surface of the titanium material by maintaining the temperature. 

so [0010] However, with this method wherein a porous calcium oxide (CaO) layer is formed in the surface besides the 
carburized layer and oxygen diffused layer, the natural metallic color of the titanium material is lost. 
[001 1 ] Also, since the treatment temperature was set at 900°C or more, there was a possibility of this method causing 
in effect growth of crystal grains, resulting in degradation of quality and high surface roughness. Additionally, the meth- 
od, wherein a gas resulting from thermal decomposition of calcium carbonate powders is utilized, has had other prob- 

55 lems, for example, difficulty with producing stable products safely and efficiently on an industrial basis unless meticulous 
care is exercised to control the amount of calcium carbonate powders fed relative to the amount of titanium material 
supplied and the construction and pressure resistant design of the vessel used in the process. 
[0012] From US 4,936,927 a method for applying an aluminium diffusion coating to a titanium component is known, 




wherein the method comprises 




in an alumi 




jontaining powder, such as 



an Al-Ti alloy powder and heat trWfTng the embedded component using two steps procedure. As a result of the two 
separate heating steps, a protective layer rich in aluminium near the surface of the component is obtained, wherein 
the aluminium is either partially bound in intermetallic phases and partially in solution in the crystal lattice of the titanium 
or the aluminium is completely in such a solution. 

DISCLOSURE OF THE INVENTION 

[001 3] The present invention has been developed to solve various problems described in the foregoing, and an object 
of the invention is to provide a surface- hardened titanium-base material, capable of preventing exfoliation of the surface 
layer thereof, having uniformly enhanced surface hardness and wear resistance, unsusceptible to scratches, and not 
prone to cause metallic allergy. It is another object of the invention to provide a method of surface-hardening a titanium 
material to produce the surface-hardened titanium-base material. 

[0014] Such objects are solved by a surface-hardened titanium-base material as set forth in the independent claims 
1 and 3, and by a method of surface-hardening a titanium material as set forth in the independent claims 2 and 4. 
[0015] With this method, the aluminum oxide powders described above serve as a source of supply of aluminum 
and oxygen for forming the titanium-aluminum (Ti - Al) based intermetallic compounds in the surface of the titanium 
material such that a percentage of aluminum and oxygen concentration, respectively, in relation to titanium declines 
by a gradient from the surface to the interior zone of the titanium material. 

[0016] In this case, for an atmosphere during the heat treatment, a reduced pressure atmosphere, or an inert atmos- 
phere such as argon (Ar) gas, helium (He) gas, or the like, is employed. 

[0017] The average grain size of the aluminum oxide powders to be brought into contact with the surface of the 
titanium material is in the range of 0.1 to 50 u,m. Further, use of aluminum oxide powders having a particle size distri- 
bution with a wider half width is preferable provided that the average grain size remains the same. Furthermore, a 
particle size distribution thereof similar to the normal distribution is more preferable. 

[0018] It is also desirable that the heating temperature is not higher than a sintering initiation temperature of the 
aluminum oxide powders. 

[0019] The surface-hardened titanium-base material according to the invention is suitable for use as a material for 
accessories such as necklaces, earrings, and the like, and the claddings of watchcases, and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Fig. 1 is an enlarged schematic illustration showing a first embodiment of a surface- hardened titanium-base 
material according to the invention, immediately under the surface thereof; and 

[0021] Fig. 2 is an enlarged schematic illustration showing a second embodiment of a surface-hardened titanium- 
base material according to the invention, immediately under the surface thereof, wherein a percentage of oxygen 
concentration (O) varying by a gradient is present, in addition to the first embodiment. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0022] Next, embodiments of the invention will be described in detail. 

First embodiment of a surface-hardened titanium-base material according to the invention 

[0023] The first embodiment of the invention is a surface-hardened titanium-base material wherein titanium-alumi- 
num based intermetallic compounds are formed immediately underneath the surface of a pure titanium material such 
that the concentration of aluminum contained in the respective compounds declines by a gradient from the surface 
towards the interior zone of the titanium material. 

[0024] That is, as shown in Fig. 1 , in the surface-hardened titanium-base material J[, a plurality of different titanium- 
aluminum based intermetallic compound phases are formed in the subsurface zone of the pure titanium material as 
denoted, respectively, by 1b, 1c, 1d, and 1e, from the surface la towards the interior zone 1f. 

[0025] The first phase 1 b is composed of TiAl with the highest percentage of aluminum contained therein. The second 
phase 1c is composed of TiAl and T13AI. with the second highest percentage of aluminum. The third phase 1d is com- 
posed of TI3AI with a percentage of aluminum lower than that in the second phase 1c. The fourth phase 1e is composed 
of T13AI. arid Ti, with its percentage of aluminum at the lowest. The interior zone 1f underneath the fourth phase 1e is 
composed of pure titanium (Ti). 

[0026] The respective titanium-aluminum based intermetallic compound phases, 1 b, 1 c, 1 d, and 1 e, are not distinctly 
distinguishable, but vary continuously and are formed such that the percentage of aluminum content relative to Ti 
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content declines 



by a gradient 




he surface 1a towards the interior zone 1f. 




[0027] The surface-hardened iranium-base material described above will have aaramatically enhanced surface 
hardness because the surface 1a is turned into the TiAl phase. Furthermore, as there is no abrupt change in the 
property of the material immediately underneath the surface thereof, exfoliation does not occur on the surface, and 
the TiAl phase composing the surface la, even if coming in contact with the skin of a user, is not prone to cause metallic 
allergy to the skin. 

First embodiment of a method of surface-hardening a titanium material 

[0028] In a first embodiment of a method of surface-hardening a titanium material according to the invention, titanium- 
aluminum (Ti - Al) alloy powders only are brought into contact with the surface of a pure titanium material, and heated, 
causing titanium and aluminum contained in the Ti - Al alloy powders to be diffused by a gradient from the surface of 
the titanium material towards the interior zone thereof so that the titanium-aluminum based intermetallic compound 
phases consisting of the first phase 1 b through the fourth phase 1e sequentially as shown in Fig. 1 are formed imme- 
diately underneath the surface of the titanium material in such a manner as to cause the percentage of aluminum to 
be reduced in sequentially by a gradient from the surface of the titanium material towards the interior zone thereof. 
[0029] With this method, the surface-hardened titanium-base material described in the foregoing can be produced. 
[0030] When the percentage of aluminum present immediately underneath the surface of the titanium material is 
increased by raising a heat treatment temperature or extending a heating time, intermetallic compounds such as Ti 3 AI 
phase, TiAl phase, and the like are formed of aluminum in a solid solution state within the titanium, increasing surface 
hardness dramatically. 

[0031] Also, as the percentage of aluminum present immediately underneath the surface of the titanium material can 
be raised by increasing the amount of aluminum in the composition of the Ti - Al alloy powders, phases occurring 
immediately underneath the surface of the titanium material can be controlled according to the composition of the Ti - 
Al alloy powders. 

[0032] In this connection, if aluminum powders not containing titanium are brought into contact with the surface of 
the titanium material in place of the Ti - Al alloy powders, this will place restrictions on a heating temperature owing to 
the relatively low melting point of the aluminum powders, which is about 660°C, making it impossible to form a sufficiently 
hardened layer. 

[0033] On the other hand, if a heat treatment is applied to the aluminum powders at a temperature not lower than 
the melting point thereof, it will be extremely difficult to remove molten aluminum from the titanium material after the 
heat treatment. 

[0034] Accordingly, a heat treatment using Ti - Al alloy powders having a high melting point can be applied at a higher 
temperature than a heating temperature when only aluminum powders are in use. Further, intermetallic compound 
phases are formed with greater ease by use of aluminum, which is an a stabilization element, in comparison with p 
stabilization elements such as iron (Fe), niobium (Nb), chromium (Cr), and the like. 

[0035] The preferable condition for the heat treatment is that a heating temperature falls in the range of 800 to 900°C. 
Heat treatment applied at lower than 800°C will result in insufficient diffusion of aluminum towards the surface of the 
titanium material, and a Ti 3 AI phase may not occur. Meanwhile, if the heating temperature exceeds 900°C, sintering 
of the Ti - Al alloy powders will proceed, and problems will be encountered in the removal of the sintered Ti - Al alloy 
powders after the heat treatment. 

[0036] An atmosphere under which the heat treatment is applied is a reduced pressure atmosphere which is very 
close to a vacuum state, or an inert gas atmosphere such as argon gas, helium gas, or the like. 
[0037] With reference to the composition of the Ti - Al alloy powders to be used, the Ti - Al alloy powders containing 
a minimum of 30 at% of aluminum is taking into account the diffusion of aluminum to the surface of the titanium material. 
If the percentage of aluminum is lower than that, the diffusion of aluminum to the surface of the titanium material will 
be insufficient, and a Ti 3 AI phase does not occur, failing to achieve satisfactory surface hardening. Furthermore, sin- 
tering of the Ti - Al alloy powders will proceed during the heat treatment due to presence of the a phase in the heat 
treatment temperature region, and it will become difficult to remove the Ti - Al alloy powders adhering to the surface 
of the titanium material after the heat treatment. On the other hand, if the percentage of aluminum exceeds 80 at%, a 
liquid phase will occur at low temperatures, placing restrictions on the heating temperature. Therefore, this is not pref- 
erable. 

[0038] The average grain size of the Ti - Al alloy powders used in the heat treatment is not greater than 30 jim in 
diameter. In the case where the heat treatment is applied using the Ti - Al alloy powders 50 jim in average grain size, 
an area of contact between the surface of the titanium material to be treated and the Ti - Al alloy powders is decreased, 
limiting the diffusion of aluminum in the Ti - Al alloy powders to the surface of the titanium material, and resulting in a 
decrease in formation of the intermetallic compound phases. As a result, a noticeable increase in the surface hardness 
cannot be attained. 
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[0039] With reference to met^^t cause allergic effects to human skin, a metal ^Bng in the form of an interme- 
tallic compound is generally lesMfely to cause allergy than a metal existing in the form of a simple substance, com- 
posed of an element. For example, aluminum too is less likely to cause allergy when it is present in the form of an 
intermetallic compound combined with another metal than when it is present in the form of a simple substance. Hence, 
the surface-hardened titanium-base material according to the invention wherein the Ti-AI based intermetallic com- 
pounds are formed in the surface of the pure titanium material is suitable as a material for decorative articles such as 
necklaces, earrings, and the like, or the watchcases, which often come into contact with a users' skin. 
[0040] Now, concrete working examples of the first embodiment described above and comparative examples of the 
same for the purpose of comparing effects thereof with those of the respective working examples are given hereinafter. 

Working Example 1 



[0041] The surface of a pure sintered titanium material columnar in shape of <|> 10 x 1.5 mm (diameter: 10 mm, 
height: 1.5 mm) was buffed using aluminum oxide powders 0.05 u.m in grain size as abrasives to obtain a mirror-like 
finished surface and the pure sintered titanium material with the obtained surface was covered with Ti - Al alloy powders 
(the concentration percentage of aluminum: 50 at%) 10 \xm in average grain size. 

[0042] A surface-hardened titanium-base material was produced by setting the pure titanium material in such a state 
as described above in a high temperature furnace with a vacuum atmosphere, heating the same at a heating rate of 
10°C / min, and cooling the same at a cooling rate of 5°C / min after holding a heat treatment temperature at 800°C 
for two hours. An pressure during the heat treatment was at 1 0" 4 to 1 0" 5 torn 

Working Example 2 

[0043] A surface-hardened titanium-base material was produced in the same manner as for working example 1 , 
except that the heat treatment temperature was changed to 850°C. 

Working Example 3 



[0044] A surface-hardened titanium-base material was produced in the same manner as for working example 1 , 
except that the heat treatment temperature was changed to 900°C. 

Working Example 4 



[0045] A surface-hardened titanium-base material was produced in the same manner as for working example 1 , 
except that the concentration percentage of aluminum in the Ti - Al alloy powders was changed to 40 at%. 

Working Example 5 



[0046] A surface-hardened titanium-base material was produced in the same manner as for working example 4, 
except that the heat treatment temperature was changed to 850°C. 



Working Example 6 



[0047] A surface-hardened titanium-base material was produced in the same manner as for working example 1, 
except that the concentration percentage of aluminum in the Ti - Al alloy powders was changed to 45 at%. 

Working Example 7 



[0048] A surface-hardened titanium-base material was produced in the same manner as for working example 6, 
except that the heat treatment temperature was changed to 850°C. 

Working Example 8 



[0049] A surface-hardened titanium-base material was produced in the same manner as for working example 2, 
except that the concentration percentage of aluminum in the Ti - Al alloy powders was changed to 30 at%. 
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Working Example 9 

[0050] A surface-hardened titanium-base material was produced in the same manner as for working example 2, 
except that the concentration percentage of aluminum in the 71 - Al alloy powders was changed to 70 at%. 

Working Example 10 

[0051] A surface-hardened titanium-base material was produced in the same manner as for working example 2, 
except that the average grain size of the Ti - Al alloy powders was changed to 30 jxm. 

Comparative Example 1 

[0052] A surface-hardened titanium-base material was produced in the same manner as for working example 2, 
except that the concentration percentage of aluminum in the 71 - Al alloy powders was changed to 15 at%. 

Comparative Example 2 

[0053] A surface-hardened titanium-base material was produced in the same manner as for working example 2, 
except that the concentration percentage of aluminum in the Ti - Al alloy powders was changed to 80 at%. 

Comparative Example 3 

[0054] A surface-hardened titanium-base material was produced in the same manner as for working example 2, 
except that the average grain size of the Tl - Al alloy powders was changed to 50 pirn. 

Comparative Example 4 

[0055] A surface-hardened titanium-base material was produced in the same manner as for working example 1, 
except that the heat treatment temperature was changed to 600 °C. 

Comparative Example 5 

[0056] A surface-hardened titanium-base material was produced in the same manner as for working example 1 , 
except that the heat treatment temperature was changed to 950°C. 

Comparative Example 6 

[0057] The same measurements as those taken of the aforesaid working examples and other comparative examples 
were taken of the sintered titanium material with the mirror-like finished surface before being brought into contact with 
the Ti - Al alloy powders (that is, the sintered titanium material before the surface hardening treatment was applied 
thereto). 

[0058] The surface hardness of the surface-hardened titanium-base material produced according to working exam- 
ples 1 to 1 0, respectively, and comparative examples 1 to 5, respectively, as well as that of the sintered titanium material 
before the surface hardening treatment was applied as referred to under comparative example 6 were measured by 
use of a Vickers hardness tester operating under a load of 50 gf. Also, a scratch test was conducted on the surfaces 
of all the titanium materials described above using a scratch tester equipped with a diamond penetrator of $ 0.05 mm 
x 90° operated at a table feed rate of 75 mm / min and under a load of 50 gf to take measurements of the width of 
respective scratches. The results of respective measurements are shown in Table 1. Further, the surfaces of the sur- 
face-hardened titanium materials were examined by X-ray diffraction to identify phases formed in the respective sur- 
faces. 

[0059] As shown in Table 1 , it was found that pronounced improvement in Vickers hardness of the surface is achieved 
by applying the surface treatment according to working examples 1 to 10, respectively, as compared with the cases of 
comparative examples 1 to 6, and the width of a scratch after the scratch test conducted on the surface of working 
examples 1 to 1 0, respectively, is narrower than that on the surface of comparative examples 1 to 6, respectively, 
indicating that the surfaces of the working examples are virtually impervious to scratches. 

[0060] It has also been observed that the Vickers hardness of the surfaces becomes higher, and the width of each 
scratch narrower, as the heat treatment temperature increases. It is deemed from the results of X-ray diffraction on 
the surfaces of the surface-hardened titanium-base materials that this is due to an increase in the amount of one of 




10 



EP 0 863 223 B1 

the intermetallic compounds fo ^fc a Ti 3 AI phase which is harder than Ti. It has als^^n confirmed from the results 
of X-ray diffraction on the surfacWT the surface-hardened titanium-base material according to working example 9 that 
a TiAl phase besides the Ti 3 AI phase was at the diffraction peak. 

[0061 ] In the case of comparative example 1 where the Ti - Al alloy powders containing 1 5 at%. aluminum was used, 
an increase in the surface hardness was found to be slight due to insufficient diffusion of aluminum from the alloy 
powders. Further, according to the results of the X-ray diffraction, a Ti 3 AI phase was not observed, but the sintering of 
the Ti - Al alloy powders was found have already started. 

[0062] The results of the surface hardening treatment applied with the alloy powders according to comparative ex- 
ample 2 show that both the Vickers hardness test and scratch test could not be conducted to the surface of the surface- 
hardened titanium-base material due to occurrence of a liquid phase after the heat treatment was applied owing to an 
excessively high percentage of aluminum concentration in the Ti - Al alloy powders. 
[0063] In the case of comparative example 3 where the surface hardening treatment was applied using Ti - Al alloy 
powders 50 u.m in average grain size, and containing 50 at% of aluminum, the Vickers hardness was found to be lower 
than Hv 400, and the width of a scratch was not much different from that of the case of comparative example 6 where 
is the surface hardening treatment was not applied, indicating failure to obtain sufficient scratch resistance. 

[0064] In the case of comparative example 4 where the surface hardening treatment was applied at the heat treatment 
temperature of 600°C, formation of a Ti 3 AI phase was hardly noticeable, and both enhancement in Vickers hardness 
of the surface of the titanium material and reduction in the width of each scratch were not noticeably observed. 
[0065] In the case of comparative example 5 where the heat treatment temperature was raised to 950°C, sintering 
20 of the Ti - Al alloy powders proceeded, and removal of the Ti - Al alloy powders adhering to the surface of the titanium 
material after heat treated became difficult so that both the Vickers hardness test and scratch test could not be con- 
ducted. 

[0066] With reference to the surface-hardened titanium-base material produced according to any of working exam- 
ples described in the foregoing, neither cracking nor exfoliation of the surface thereof was observed through visual 
25 inspection of scratch marks conducted after the scratch test. 

Second embodiment of a surface-hardened titanium-base material according to the invention 

[0067] Fig. 2 shows the second embodiment of the surface-hardened titanium-base material according to the inven- 

30 Won. In the surface-hardened titanium-base materiai 1, a plurality of different phases, 1b through 1e, of titanium-alu- 
minum based intermetallic compound phases (TiAl, Ti 3 AI, and the like) are formed sequentially immediately underneath 
the surface la of a pure titanium material in the same manner as the case of the first embodiment of the invention 
shown in Fig 1. However, in this case, these phases are formed such that the percentage of aluminum in relation to 
pure titanium and oxygen (O) concentration, declines seguentially by a gradient from the surface la towards the interior 

35 zone 1 f , which is the pure titanium material. 

[0068] With the surface-hardened titanium-base material according to this embodiment as well, surface hardness is 
dramatically enhanced similarly to the case of the first embodiment of the surface- hardened titanium-base material 
according to the invention. Furthermore, the surface hardness is further enhanced due to an additional effect of solid 
solution hardening by the agency of oxygen. As there is no abrupt change in the properties of substances present 

40 immediately underneath the surface of the material, exfoliation of the surface will not occur. 

[0069] Further, as Ti or Al is not present in the surface as an element in the form of a simple substance, but present 
in the form of intermetallic compounds, there will be little risk of the surface-hardened titanium-base material causing 
metallic allergy. Hence, the surface-hardened titanium-base material is suited for use as material for decorative articles 
(accessories) such as necklaces, earrings, and the like, or watchcases, and the like, that will frequently come to be in 

45 contact with human skin. 



Second embodiment of a method of surface hardening a titanium material 

[0070] In the second embodiment of the method of surface hardening a titanium material according to the invention, 
aluminum and oxygen contained in aluminum oxide (Al 2 0 3 ) powders are caused to be diffused in a gradient from the 
surface of a pure titanium material towards the interior zone thereof by bringing only the aluminum oxide powders in 
contact with the surface of the pure titanium material, and by heating the same, thereby causing solid solution hardening 
of aluminum and oxygen, and enhancing surface hardness. 

[0071] Further, when the percentage of aluminum present immediately underneath the surface of the titanium ma- 
terial is increased by raising a heating temperature or extending a heating time, intermetallic compounds such a Ti 3 AI 
phase, TiAl phase, and the like are formed according to the solid solution condition of aluminum in titanium, increasing 
the surface hardness dramatically. In other words, the surface-hardened titanium-base material 1 according to the 
second embodiment of the invention as illustrated in Fig. 2 can thus be produced. 
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[0072] In this connection, if 4^^ um powders not containing oxygen are brough^^ contact with the surface of 
the titanium material in place of^ro aluminum oxide powders, this will place restrictions on the heating temperature 
owing to the relatively low melting point of the aluminum powders, which is about 660°C, and then, a sufficiently hard- 
ened layer cannot be obtained. 

[0073] Further, if heat treatment is applied at a temperature not lower than the melting point of the aluminum powders, 
it will be extremely difficult to remove molten aluminum formed from the surface-hardened titanium-base material after 
the heat treatment so that the object of the invention cannot be attained. 

[0074] Accordingly, liquid phase diffusion reaction of aluminum is avoided by use of aluminum oxide powders having 
a higher melting point, and enhancement in surface hardness can be promoted by attaining a solid phase diffusion 
reaction of aluminum at a higher temperature. 

[0075] Also, it is easier to form intermetallic compound phases with aluminum, which is an a stabilization element, 
than with p stabilization elements such as iron, niobium, chromium, and the like. 

[0076] Now, a heating temperature not higher than the sintering initiation temperature of the aluminum oxide powders 
to be used is employed. However, since the sintering initiation temperature varies depending on the grain size of the 
aluminum oxide powders, the heating temperature may be determined as appropriate. 

[0077] With the grain size (described hereinafter) of the aluminum oxide powders, adopted in carrying out this em- 
bodiment, the heating temperature is in the range of 800 to 900°C. A Ti 3 AI phase may not be formed at a heating 
temperature not higher than 800°C due to insufficient diffusion transfer of aluminum to the surface of the titanium 
material while the probability of the aluminum oxide powders undergoing sintering becomes higher as the heating 
temperature exceeds 900°C, and difficulty will be encountered in removal of the aluminum oxide powders after com- 
pletion of the heat treatment. 

[0078] For an atmosphere during the heat treatment, a reduced-pressure atmosphere of an inert gas such as argon 
gas, helium gas, or the like are employed. Further, the background gas for use during pressure reduction, and the 
argon gas, helium gas, or the like, are preferably to have a dew point controlled at a given level. This is because if the 
dew point of a gas is not at a constant level, it will become difficult to control the amount of oxygen transferred to the 
titanium material at a constant level, making it difficult to obtain products with a constant surface hardness on an 
industrial scale. 

[0079] The average grain size of the aluminum oxide powders for use in the heat treatment is in the range of 0.1 to 
50 pirn. Further, aluminum oxide powders having a particle size distribution with a wider half width is preferable provided 
that the average grain size remains the same. Furthermore, aluminum oxide powders having a particle size distribution 
similar to the normal distribution is more preferable. 

[0080] In the case where the heat treatment is applied using the aluminum oxide powders not less than 50 urn in 
average grain size, an area of contact between the surface of the titanium material to be treated and the aluminum 
oxide powders is reduced, limiting diffusion of aluminum in the aluminum oxide powders into the surface of the titanium 
material. As a result, formation of the intermetallic compound phases will become poor, and it will be difficult to increase 
the surface hardness evenly. 

[0081] Also, in the case that the heat treatment is applied using aluminum oxide powders not more than 0.1 urn in 
average grain size, a bulk density becomes greater, and treatment atmosphere layers (voids) will be created between 
the surface of the titanium material and the aluminum oxide powders. Consequently, an area of contact between the 
surface of the titanium material to be treated and the aluminum oxide powders is reduced as well, limiting diffusion of 
aluminum in the aluminum oxide powders into the surface of the titanium material. As a result, formation of the inter- 
metallic compound phases will become poor, and it will become difficult to increase the surface hardness evenly. 
[0082] It is possible to facilitate diffusion of aluminum into the surface of the titanium material by adopting a coun- 
termeasure whereby the contact area is enlarged by pulverizing the aluminum oxide powders present on the surface 
of the titanium material under a given pressure. However, such a countermeasure involves an increase in the number 
of processing steps and is not advantageous as an industrial manner. 

[0083] Now, concrete working examples of the second embodiment described above and comparative examples of 
the same for the purpose of comparing effects thereof with those of the respective working examples are given here- 
inafter. 

Working Example 1 

[0084] The surface of a pure titanium material columnar in shape of 4> 10 x 1.5 mm (diameter: 10 mm, height: 1.5 
mm) was buffed using aluminum oxide powders 0.05 ym in grain size as abrasives, and the pure titanium material with 
a mirror-like finished surface thus obtained was covered with aluminum oxide (Al 2 0 3 ) powders 1 u.m in average grain 
size. 

[0085] A surface-hardened titanium-base material was produced by setting the pure titanium material in such a state 
as described in a high temperature furnace, heating the same at a heating rate of 1 0°C / min after reducing the pressure 




it treatment temperature at 
; torn 



Working Example 2 



5 



[0086] A surface-hardened titanium-base material was produced in the same manner as for working example 1 , 
except that the heat treatment temperature was changed to 850°C. 

Working Example 3 

10 

[0087] A surface-hardened titanium-base material was produced in the same manner as for working example 1 f 
except that the heat treatment temperature was changed to 900°C. 

Working Example 4 

- 15 

[0088] A surface-hardened titanium-base material was produced in the same manner as for working example 2, 
except that the heat treatment time (length of time during which the heat treatment temperature is maintained) was 
changed to four hours. 

20 Working Example 5 

[0089] A surface-hardened titanium-base material was produced in the same manner as for working example 2, 
except that the heat treatment time was changed to eight hours. 

25 Working Example 6 

[0090] A surface-hardened titanium-base material was produced in the same manner as for working example 2, 
except that the average grain size of the aluminum oxide powders was changed to 0.5 \xm. 

30 Working Example 7 

[0091] A surface-hardened titanium-base material was produced in the same manner as for working example 2, 
except that the average grain size of the aluminum oxide powders was changed to 20 urn. 

35 Working Example 8 

[0092] A surface-hardened titanium-base material was produced in the same manner as for the working example 2, 
except that the average grain size of the aluminum oxide powders was changed to 38 um. 

40 Working Example 9 

[0093] A surface-hardened titanium-base material was produced in the same manner as for working example 6 f 
except that use was made of aluminum oxide powders 0.5 urn in average grain size, obtained by blending aluminum 
oxide powders 0.06 um in average grain size with aluminum oxide powders 1 pirn in average grain size as used in 
45 working example 1, and having a wider half width in the particle size distribution thereof than that for the aluminum 
oxide powders 0.5 u,m in average grain size as used in working example 6. 

Comparative Example 1 

so [0094] A surface-hardened titanium-base material was produced in the same manner as for working example 1, 
except that the heat treatment temperature was changed to 600°C. 

Comparative Example 2 

55 [0095] A surface-hardened titanium-base material was produced in the same manner as for working example 1, 
except that the heat treatment temperature was changed to 950°C. 



i 
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Comparative Example 3 

[0096] A surface-hardened titanium-base material was produced in the same manner as for working example 2, 
except that the average grain size of the aluminum oxide powders was changed to 0.06 jim. 

Comparative Example 4 

[0097] A surface hardened titanium-base material was produced in the same manner as for working example 2, 
except that the average grain size of the aluminum oxide powders was changed to 53 nm. 

Comparative Example 5 

[0098] A surface-hardened titanium-base material was produced in the same manner as for working example 2, 
except that the heat treatment atmosphere was changed to atmospheric air. 

Comparative Example 6 

[0099] A surface-hardened titanium-base material was produced in the same manner as for working example 2, 
except that the aluminum oxide powders were not used. 

Comparative Example 7 

[01 00] The same measurements as those taken of the aforesaid working examples and other comparative examples 
were taken of the sintered titanium material with the mirror-like finished surface before being covered with the aluminum 
oxide powders for the heat treatment (that is, the titanium material yet to be treated). 

[0101] The surface hardness of the surface- hardened titanium-base material produced according to working exam- 
ples 1 to 9, respectively, and comparative examples 1 to 6, respectively, as well as that of the titanium material before 
the surface hardening treatment was applied thereto as described in comparative example 7 were measured by use 
of the Vickers hardness tester operating under a load of 50 gf . At the same time, visual observation was made on the 
surface condition of all the titanium-base materials. 

[0102] Also, a scratch test was conducted on the surfaces of all the titanium- base materials described hereinbefore 

using a scratch tester equipped with the diamond penetrator of <)> 0.05 mm x 90° operated at a table feed rate of 75 

mm / min and under a load of 50 gf in order to take measurements of the width of respective scratches. 

[0103] The results of respective measurements are shown in Table 2. Further, the surfaces of all the titanium- base 

materials were examined by X-ray diffraction to identify phases formed in the respective surfaces. 

[0104] As indicated by data for working examples 1 to 3 given in Table 2, it has been found that Vickers hardness 

of the surface increases as the heat treatment temperature rises, and correspondingly, the width of each scratch after 

the scratch test conducted on the surfaces becomes narrower, indicating that susceptibility to scratches of the surfaces 

of working examples is markedly improved as compared with that of the titanium material yet to be treated as described 

in comparative example 7, and the surfaces become substantially impervious to scratches. 

[0105] It is deemed from the results of X-ray diffraction on the surfaces of the surface-hardened titanium-base ma- 
terials that an increase in hardness of the surfaces and reduction in the width of scratches resulting from a rise in the 
heat treatment temperature is due to an increase in the amount of one of the intermetallic compounds formed, a Ti 3 AI 
phase which is harder than Ti. 

[01 06] As shown by data for working examples 2, 4, and 5, it has been found that the Vickers hardness of the surfaces 
increases as the heat treatment time at a heat treatment temperature of 850°C is lengthened, and correspondingly, 
the width of scratches after the scratch test becomes narrower, demonstrating that the surfaces become substantially 
impervious to scratches. 

[0107] It is also deemed from the results of X-ray diffraction on the surfaces of the surface-hardened titanium-base 
materials that the above is due to an increase in the amount of the intermetallic compound formed, the Ti 3 AI phase 
which is harder than 71. Further, it has been confirmed from the results of X-ray diffraction on the surface of the surface- 
hardened titanium-base material according to working examples 3 and 5 that a TiAl phase besides the Ti 3 AI phase 
was at the diffraction peak in this case, proving that effective surface hardening due to formation of the Ti 3 AI and TiAl 
phases is achieved by raising the heat treatment temperature and lengthening the heat treatment time. 
[01 08] Now, as is evident from comparison of working examples 1 to 3 with comparative examples 1 and 2, it will 
become difficult to achieve surface hardening as intended if the heating temperature is excessively low while if the 
heating temperature is too high, exceeding the sintering initiation temperature of the aluminum oxide powders used, 
the surface of the titanium-base material after the heat treatment will be adhered with the aluminum oxide powders in 
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the form of simple particles or ^^fegate particles resulting from the progress in sin^^ thereof, causing difficulty in 
removal of such aluminum oxide^fowders as described above. As a result, it was impossible to conduct the Vickers 
hardness test as well as the scratch test on the surface of the titanium-base materials. 

[0109] It has been found on the basis of the results described above that the heating temperature is preferably not 
5 higher than the sintering initiation temperature of the aluminum oxide powders used, and more preferably is in the 
range of 800 to 900°C to efficiently achieve surface hardening as intended. 

[0110] Next, as shown by data for working examples 2, and 6 to 8, it has been found that Vickers hardness of the 
surfaces is increased to Hv 500 or higher, and surface hardness as intended is achieved by applying the heat treatment 
at 850°C for two hours using the aluminum oxide powders not more than 50 urn in average grain size. 
10 [0111] On the other hand, as shown by data for comparative example 3, it has been found that in the case where 
aluminum oxide powders 0.06 u.m in average grain size are used, an increase in surface hardness is attained only 
locally, but it becomes difficult to increase surface hardness evenly, resulting in a lower average value of Vickers hard- 
ness of the surface. 

[0112] Then, as shown by data for comparative example 4, in the case that the aluminum oxide powders in excess 
*5 of 50 urn (that is, 53 ujti) in average grain size are used, it has been found to be difficult to increase surface hardness 
evenly because an increase in surface hardness attained in this case is more local than the case of comparative 
example 3. 

[0113] As is evident from the results described above, the average grain size of the aluminum oxide powders is 
preferably not more than 50 urn, and more preferably in the range of 0.1 to 50 urn. 

20 [01 1 4] It has further been found from comparison of working example 9 with working example 6 that surface hardness 
is more efficiently increased even if the average grain size of the aluminum oxide powders used remains the same by 
use of aluminum oxide powders 0.5 \xm in average grain size and having a wide half width in particle size distribution 
thereof, which is obtained by blending aluminum oxide powders 0.06 |im in average grain size and having a particle 
size distribution thereof conforming to the normal distribution with aluminum oxide powders 1 pirn in average grain size 

25 and having a particle size distribution thereof conforming to the normal distribution. 

[0115] As shown in comparative example 5, in the case that the heat treatment atmosphere is atmospheric air, an 
oxidation reaction of the surface by the agency of oxygen in the atmosphere proceeds in a pronounced manner, and 
an oxidized scale layer is formed on the surface of the titanium-base material. Although an increase in surface hardness 
is achieved, discoloring, cracks, and exfoliation of the surface-hardened layer have been observed by visual observa- 

30 tion of scratch marks after the scratch test, indicating that the object of the invention cannot be achieved unlike the 
results of working example 2. 

[0116] The results as described above show that the heat treatment atmosphere is preferably a pressure- reduced 

atmosphere, or an inert atmosphere such as argon or helium gas, to achieve the objects of the invention. 

[01 1 7] Further, as shown by data for comparative example 6, it has been found that in the case where heat treatment 

35 without use of aluminum oxide powders is applied only in an inert atmosphere, a slight increase in surface hardness 
was observed in comparison with the results of comparative example 7, but an increase in surface hardness, equivalent 
to that of working example 2, could not be achieved. The results described above demonstrate that aluminum and 
aluminum oxide powders as a source of supply of oxygen are required to achieve the objects of the invention. 
[01 18] With reference to the surface-hardened titanium-base material produced according to any of working exam- 

40 pies 1 to 9, cracks and exfoliation of the surface were not observed at all by visual observation of scratch marks after 
the scratch test. 



Table - 1 



45 




alloy powders 
(at%) 


average 
grain size 
(um) 


treatment 
temp. (°C) 


treatment 
time 


Vickers 
hardness 
(Hv) 


scratch width 
(um) 




working 
example 1 


50 Al. 


approx. 10 


800 


2hrs. 


451 


14.6 


50 


working 
example 2 


50 Al. 


approx. 10 


850 


2hrs. 


680 


11.7 




working 
example 3 


50 Al. 


approx. 10 


900 


2 hrs. 


690 


11.0 


55 


working 
example 4 


40 Al. 


approx. 10 


800 


2hrs. 


476 


14.2 
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Table - 1 (continued) 



5 




alloy powders 
(at%) 


average 
grain size 
Oxm) 


treatment 
temp. (°C) 


treatment 
time 


Vickers 
hardness 
(Hv) 


scratch width 




working 
example 5 


40 Al. 


approx. 10 


850 


2 hrs. 


660 


11.8 


10 


working 
example 6 


AC A 1 

45 Al. 


approx. 10 


800 


2 hrs. 


412 


14.8 




working 
example 7 


AC A 1 

45 Al. 


approx. 10 


850 


2 hrs. 


616 


12.1 


15 


working 
example 8 


30 Al. 


approx. 10 


850 


2 hrs. 


620 


12.1 




working 
example 9 


-7f\ A 1 

70 Al. 


approx. 10 


850 


2 hrs. 


598 


12.4 


20 


working 
example 10 


ce\ a i 

50 Al. 


approx. 30 


850 


2 hrs. 


403 


15.3 


comp. 
example 1 


15 Al. 


approx. 10 


850 


2 hrs. 


301 


19.8 


25 


comp. 
example 2 


80 AL 


approx. 10 


850 


2 hrs. 


unable to 
measure 


unable to 
measure 


comp. 
example 3 


50 Al. 


approx. 50 


850 


2 hrs. 


331 


18.5 


30 


comp. 
example 4 


50 Al. 


approx. 10 


600 


2 hrs. 


354 


18.4 


comp. 
example 5 


50 Al. 


approx. 10 


950 


2 hrs. 


unable to 
measure 


unable to 
measure 




comp. 
example 6 


none 








232 


20.4 


35 














Table - 2 












40 




average 
grain size 
Oim) 


treatment 
temp. (°C) 


treatment 
time 


Vickers 
hardness 
(Hv) 


scratch width 
Oxm) 


surface 
appearance 




working 
example 1 


1 


800 


2hrs. 


511 


14.0 


good 


45 


working 
example 2 


1 


850 


2hrs. 


665 


12.5 


good 




working 
example 3 


1 


900 


2 hrs. 


739 


10.1 


good 


SO 


working 
example 4 


1 


850 


4 hrs. 


702 


10.9 


good 




working 
example 5 


1 


850 


8 hrs. 


727 


10.2 


good 


55 


working 
example 6 


0.5 


850 


2 hrs. 


586 


13.1 


good 




working 
example 7 


20 


850 


2 hrs. 


608 


12.8 


good 
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Table - 2 (continued) 





average 
grain size 
(urn) 


treatment 
temp. (°C) 


treatment 
time 


Vickers 
hardness 
(Hv) 


scratch width 
(nm) 


surface 
appearance 


working 
example 8 


38 


850 


2 hrs. 


521 


13.9 


good 


working 
example 9 


0.5 


850 


2 hrs. 


668 


12.6 


good 


comp. 
example 1 


4 
1 


600 


2 hrs. 


294 


19.0 


good 


comp. 
example 2 


A 
\ 


950 


2 hrs. 


unable to 
measure 


unable to 
measure 


poor adhesion 


comp. 
example 3 


0.06 


850 


2 hrs. 


340 


18.1 


good 


comp. 
example 4 


53 


850 


2 hrs. 


327 


18.6 


good 


comp. 
example 5 


1 


850 


2 hrs. 


unable to 
measure 


unable to 
measure 


discoloring / 
exfoliation 


comp. 
example 6 


N / A (nn allow 

powders) 


OJU 


9hrc 
£1 lio. 




20.0 


good 


comp. 
example 7 


unprocessed 






232 


20.4 


good 



INDUSTRIAL APPLICABILITY 



[0119] The surface-hardened titanium-base material produced by the method of surface hardening a titanium ma- 
terial has a hard surface excellent in wear resistance and scratch resistance. 

[0120] In particular, the surface-hardened titanium-based material has excellent ductility as compared with an ordi- 
nary Ti - Al based alloy material because the Ti - Al based intermetallic compounds are formed only immediately 
underneath the surface thereof while pure titanium is present in the interior zone thereof. Furthermore, the surface 
thereof is formed not of an oxidized coating but of the Ti - Al based intermetallic compounds with the percentage of 
aluminum concentration declining by a gradient towards the interior. Hence, the surface thereof can maintain a metallic 
color, and is impervious to exfoliation. Also, the surface is not prone to cause metallic allergy even if the same comes 
into direct contact with human skin. 

[0121] Therefore, when the same is used as a material for various metal products, the high quality external appear- 
ance thereof can be kept for a long duration. Particularly, when the surface-hardened titanium-base material is used 
for decorative articles and the watchcases, and the like, which are worn by users, products impervious to scratches 
and which are unlikely to cause metallic allergy to the skin of the users can be provided. 



Claims 

1 . A surface-hardened titanium-base material characterized in that a first phase composed of TiAl, a second phase 
composed of TiAl and TigAI, a third phase composed of Ti^AI, and a fourth phase composed of Ti^AI and Ti are 
formed immediately underneath a surface of a pure titanium material, sequentially from the surface tKereof towards 
the interior zone, such that a percentage of aluminum in relation to pure titanium declines sequentially by a gradient 
from the surface to an interior zone of the pure titanium material. 

2. A method of surface hardening a titanium material, wherein only titanium-aluminum alloy powders are brought into 
contact with a surface of a pure titanium material, and a heat treatment is applied thereto, forming a first phase 
composed of TiAl, a second phase composed of TiAl and Ti a AI, a third phase composed of Ti3AI, and a fourth 
phase composed of Ti^AI and Ti immediately underneath the~surface of the pure titanium material, sequentially 
from the surface thereof towards its interior zone, such that a percentage of aluminum in relation to pure titanium 
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is caused to decline §egu§^^p by a gradient from the surface to the interior Z ^^P the pure titanium material, 
wherein the titanium-alummW alloy powders brought into contact with the surface of the pure titanium material 
contain not lower than 30 at% but not higher than 70 at% of aluminum, wherein the average grain size of the 
titanium-aluminum alloy powders brought into contact with the surface of the pure titanium material is not greater 
than 30 u,m, and wherein the heating temperature falls within the range of 800°C to 900°C. 

3. A surface-hardened titanium-base material characterized in that a first phase composed of TiAl, a second phase 
composed of TiAl and Ti^AI, a third phase composed of TUAI, and a fourth phase composed of TUAI and Ti are 
formed immediately underneath a surface of a pure titaniunrunaterial, sequentially from the surface tfiereof towards 
its interior zone, such that a percentage of aluminum in relation to pure titanium declines sequentially by a gradient 
from the surface to an interior zone of the pure titanium material, and oxygen concentration also declined sequen- 
tially by gradient from the surface to the interior zone of the pure titanium material. 

4. A method of surface hardening a titanium material, wherein only aluminum oxide (Al 2 0 3 ) powders are brought into 
contact with a surface of a pure titanium material, and a heat treatment is applied thereto, forming a first phase 
composed of TiAl, a second phase composed of TiAl and TigAI, a third phase composed of Ti^AI, and a fourth 
phase composed of TigAI and Ti immediately underneath the'surface of the pure titanium mateTial, sequentially 
from the surface thereof towards a interior zone, such that a percentage of aluminum in relation to pure titanium 
declines sequentially by a gradient from the surface to an interior zone of the pure titanium material, and oxygen 
concentration also declined sequentially by gradient from the surface to the interior zone of the pure titanium 
material, wherein the average grain size of the aluminum oxide powders brought into contact with the surface of 
the pure titanium material is in the range of 0.1 to 50 urn, wherein the heating temperature falls within the range 
of 800° to 900°C, and wherein the heat treatment takes place in a reduced - pressure atmosphere of an inert gas. 



Patentanspruche 

1 . Oberflachengehartetes Material auf Titanbasis, 
dadurch gekennzeichnet, 

daG eine aus TiAl zusammengesetzte erste Phase, eine aus TiAl und Ti 3 AI zusammengesetzte zweite Phase, 
eine aus Ti 3 AI zusammengesetzte dritte Phase und eine aus Ti 3 AI und Ti zusammengesetzte vierte Phase 
unmittelbar unterhalb einer Oberflache eines reinen Titanmateriales aufeinanderfolgend von der Oberflache 
davon zu der Innenzone gebildet sind, 

so daG ein Prozentsatz von Aluminium in Beziehung zu reinem Titan aufeinanderfolgend mit einem Gradienten 
von der Oberflache zu einer inneren Zone des reinen Titanmateriales abnimmt. 

2. Verfahren des Oberflachenhartens eines Titanmateriales, bei dem nur Titanaluminiumlegierungspulver in Kontakt 
mit einer Oberflache eines Titanmateriales gebracht werden und eine Warmebehandlung darauf angewendet wird, 
wobei eine aus TiAl zusammengesetzte erste Phase, eine aus TiAl und Ti 3 AI zusammengesetzte zweite Phase, 
eine aus Ti 3 AI zusammengesetzte dritte Phase und eine aus Ti 3 AI und Ti zusammengesetzte vierte Phase unmit- 
telbar unter der Oberflache des reinen Titanmateriales aufeinanderfolgend von der Oberflache davon zu seiner 
inneren Zone gebildet werden, so daG fur einen Prozentsatz von Aluminium in Beziehung zu reinem Titan bewirkt 
wird, daG er aufeinanderfolgend mit einem Gradienten von der Oberflache zu der inneren Zone des reinen Titan- 
materiales abnimmt, 

wobei die Titanaluminiumlegierungspulver, die in Kontakt mit der Oberflache des reinen Titanmateriales ge- 
bracht werden, nicht weniger als 30At% aber nicht mehr als 70At% Aluminium enthalten, 
wobei die mittlere KorngroGe der Titanaluminiumlegierungspulver, die in Kontakt mit der Oberflache des reinen 
Titanmateriales gebracht werden, nicht groGer als 30 u,m ist, und 
wobei die Erwarmungstemperatur in den Bereich von 800 °C bis 900 °C fallt. 

3. Oberflachengehartetes Material auf Titanbasis, 
dadurch gekennzeichnet, 

daG eine aus TiAl zusammengesetzte erste Phase, eine aus TiAl und Ti 3 AI zusammengesetzte zweite Phase, eine 
aus Ti 3 AI zusammengesetzte dritte Phase und eine aus Ti 3 AI und Ti zusammengesetzte vierte Phase unmittelbar 
unter einer Oberflache eines reinen Titanmateriales aufeinanderfolgend von der Oberflache davon zu seiner in- 
neren Zone gebildet sind, so daG ein Prozentsatz von Aluminium in Beziehung auf reines Titan aufeinanderfolgend 
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mit einem Gradienten von^^p)berflache zu einer inneren Zone des reinen l^^Bateriales abnimmt und eine 
Sauerstoffkonzentration ebewills aufeinanderfolgend mit einem Gradienten vonoer Oberflache zu der inneren 
Zone des reinen Titanmateriales abnimmt. 

4. Verfahren des Oberflachenhartens eines Titanmateriales, bei dem nur Aluminiumoxid-(AI 2 0 3 )pulver in Kontakt mit 
einer Oberflache eines reinen Titanmateriales gebracht werden und eine Warmebehandlung darauf angewendet 
wird, eine aus TiAl zusammengesetzte erste Phase, eine aus TiAl und Ti 3 AI zusammengesetzte zweite Phase, 
eine aus Ti 3 AI zusammengesetzte dritte Phase und eine aus Ti 3 AI und Ti zusammengesetzte vierte Phase unmit- 
telbar unter der Oberflache des reinen Titanmateriales aufeinanderfolgend an der Oberflache davon zu einer in- 
neren Zone gebildet werden, so daB ein Prozentsatz von Aluminium in Beziehung zu reinem Titan aufeinander- 
folgend mit einem Gradienten von der Oberflache zu einer inneren Zone des reinen Titanmateriales abnimmt und 
eine Sauerstoffkonzentration ebenfalls aufeinanderfolgend mit einem Gradienten von der Oberflache zu der inne- 
ren Zone des reinen Titanmateriales abnimmt, 

wobei die mittlere KorngroBe der Aluminiumpulver, die in Kontakt mit der Oberflache des reinen Titanmate- 
riales gebracht werden, in dem Bereich von 0, 1 bis 50 urn liegt, 
wobei die Erwarmungstemperatur in den Bereich von 800 °C bis 900 °C fallt und 

wobei die Warmebehandlung in einer Atmosphare eines inerten Gases mit verringertem Druck stattfindet. 



Revendications 

1. Materiau a base de titane durci en surface, caracte>ise" en ce qu'une premiere phase composed de TiAl, une 
deuxieme phase composee de TiAl et de Ti 3 AI, une troisieme phase composed de TigAI, et une quatrieme phase 
composed de Ti 3 AI et de Ti, sont formers immediatement sous ia surface d'un materiau en titane pur, successi- 
vement de sa surface vers sa zone interieure, de facon telle que le pourcentage d'aluminium par rapport au titane 
pur diminue successivement par gradient de la surface vers la zone interieure du materiau en titane pur. 

2. Procede de durcissement en surface d'un materiau en titane, dans lequel seules des poudres en alliage de titane/ 
aluminium sont portees au contact d'une surface d'un materiau en titane pur, et un traitement thermique y est 
applique, formant une premiere phase composed de TiAl, une deuxieme phase composed de TiAl et de Ti 3 AI, une 
troisieme phase composed de Ti 3 AI, et une quatrieme phase composed de Ti 3 AI et de Ti, immediatement sous la 
surface du materiau en titane pur, successivement de sa surface vers sa zone interieure, de telle sorte que le 
pourcentage d'aluminium par rapport au titane pur diminue successivement par gradient de la surface vers la zone 
interieure du materiau en titane pur, dans lequel les poudres en alliage de titane/aluminium portees au contact de 
la surface du materiau en titane pur ne contiennent pas moins de 30 % at., mais pas plus de 70 % at. d'aluminium, 
dans lequel la granulomere moyenne des poudres en alliage de titane/aluminium portees au contact de la surface 
du materiau en titane pur n'est pas supe>ieure a 30 urn, et dans lequel la temperature de chauffage tombe dans 
la plage de 800°C a 900°C. 

3. Materiau a base de titane durci en surface, caracterise en ce qu'une premiere phase composed de TiAl, une 
deuxieme phase composed de TiAl et de Ti 3 AI, une troisieme phase composed de Ti 3 AI, et une quatrieme phase 
composed de Ti 3 AI et de Ti, sont formers immediatement sous ia surface d'un materiau en titane pur, successi- 
vement de sa surface vers sa zone interieure, de facon telle que le pourcentage d'aluminium par rapport au titane 
pur diminue successivement par gradient de la surface vers la zone interieure du materiau en titane pur, et que 
la concentration d'oxygene diminue aussi successivement par gradient de la surface vers la zone interieure du 
materiau en titane pur. 

4. Proc6d6 de durcissement en surface d'un materiau en titane, dans lequel seulement des poudres en oxyde d'alu- 
minium (Al 2 0 3 ) sont portees au contact d'une surface d'un materiau en titane pur, et un traitement thermique y est 
applique, formant une premiere phase composee de TiAl, une deuxieme phase composee de TiAl et de T1 3 AI, une 
troisieme phase composee de Ti 3 AI, et une quatrieme phase composee de Ti 3 AI et de Ti, immediatement sous la 
surface du materiau en titane pur, successivement de sa surface vers une zone interieure, de facon que le pour- 
centage d'aluminium par rapport au titane pur diminue successivement par gradient de la surface vers la zone 
interieure du materiau en titane pur, et que la concentration d'oxygene egalement diminue successivement par 
gradient de la surface vers la zone interieure du materiau en titane pur, dans lequel la granulomere moyenne 
des poudres d'oxyde d'aluminium portees au contact de la surface du materiau en titane pur est situ6e dans la 
plage allant de 0,1 a 50 um, dans lequel la temperature de chauffage tombe dans la plage de 800°C a 900°C, et 
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